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Abstract 
Since 2001 wireless capsular endoscopy plays an important role in the endoscopic field. However, commercially endoscopic 
capsules move passively relying on natural peristalsis, therefore they cannot be controlled, steered or stopped by the endoscopist. 
This paper presents a new concept of innovative active endoscopic device, being 11 mm in diameter and 31 mm in length, with a 
force controlled stopping mechanism for esophageal inspection. Since the capsular esophageal transit time is in the order of few 
seconds, this stopping mechanism will be suddenly released under user command as the capsule passes by interesting locations, 
enabling an effective inspections of the esophagus.  
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1. Introduction  
Esophageal endoscopy consists of passing a flexible endoscope through the pharynx into the esophagus to inspect 
the gastrointestinal lining by the camera at the tip of the scope. Although this procedure is routine, most of the 
patients are afraid of flexible endoscopy due to excessive discomfort. For this reason wireless capsular endoscopy 
(WCE) may play an important role for also for esophageal inspection [1-3].  
Endoscopic capsules move passively relying on natural peristalsis [4-7], therefore they cannot be controlled, 
steered or stopped by the endoscopist. Being the esophageal transit time in the order of few seconds [8], a stopping 
mechanism to be suddenly released as the capsule passes by interesting locations would enable effective inspections 
of the upper gastrointestinal tract. This paper presents an innovative active endoscopic device, being 11mm in 
diameter and 31mm in length, with a force controlled stopping mechanism to increase esophageal transit time. 
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 2. Methods and Results 
The esophagus consists of a muscular tube through which food passes from the pharynx to the stomach by using 
peristaltic waves. WCE devices transit too fast by this region once swallowed, being an ineffective tool for diagnosis 
in the esophageal tract. Three ways exist to improve WCE in this district. The fist one is to increase the number of 
pictures taken by raising the camera frame rate [8]. Alternatively, a second camera on the backside of the device can 
be used [5] to double diagnostic capabilities. A different approach relies on the introduction of a stopping 
mechanism in order to mechanically increase the esophageal transit time [2]. Since the last approach would enable 
the endoscopist to take full control on the capsule speed during its journey, an innovative stopping mechanism for 
esophageal endoscopic device was developed.  
The capsule was designed to withstand peristaltic forces attempting to push it along the esophageal tract. A force 
controlled stopping mechanism was integrated in a wireless endoscopic capsule as represented in Fig.1.  
The Computer Aided Design (CAD) model of our design is shown in Fig. 1. A cylindrical shell contains a 
brushless actuator, a pulley, some bearings and four straight-toothed cylindrical gears. The flexible SMA flaps, 
spaced equally around the capsule, are housed in three dedicated grooves designed in the capsular shell. The flaps 
are attached to the internal pulley by means of thin Kevlar wires (Ф=0.15 mm). 
 
 
  
 
Fig. 1: (a) CAD drawing of the final capsule design. (b) schematic representation of the first capsular prototype for esophageal inspection. 
 
 
 
The mechanism consists of 3 actuated legs in superelastic material (SMA: Shape Memory Alloy) with compliant 
feet pushing against esophageal walls to increase capsular friction. The legs were designed in open configuration 
and controlled by an electromagnetic Direct Current (DC) brushless motor, closing the loop with force sensors.  
Due to esophageal anatomical dimensions and mechanical constraints, the most appropriate DC brushless 
micromotor seems to be the Namiki SBL 04 (Namiki, Japan) having a diameter of 4 mm, total length of 17,4 mm 
and providing 5,7 N as output torque. The legs are slightly embedded within the capsule shell grooves in order to 
prevent unintentional contact with esophageal wall 
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The final design of the capsular flaps is represented in Fig. 2. In order to avoid sharp edges that may cause any 
tissue damage the flaps could be covered by several soft materials, such as silicon or Polydimethylsiloxane (PDMS). 
 
 
   
 
Fig. 2. Final shape of capsular legs in SMA material. 
 
 
The active control of friction force generated by the legs on the esophageal walls was achieved by force sensors 
that closed the loop with the DC motor. Two strain gages (one for sensing and one for temperature compensation) 
were placed on each leg in order to measure the force exerted by the mechanism on the surrounding tissue. This 
would enable small adjustments of leg aperture, that can be tuned to the patient esophagus without causing 
significant discomfort. During and after swallowing, the legs are closed and the capsule passes through the lumen 
with negligible friction. As soon as the endoscopist wants to stop the device, a releasing command is sent wirelessly 
by the user interface and the mechanism located into the capsule is released. This allows the legs to open suddenly, 
thus increasing friction with the esophageal walls.  
 
 
   
 
Fig. 4. (a) First endoscopic capsule prototype for esophageal inspection. (b) Snapshot of the esophageal capsular legs equipped with strain gage 
sensors. 
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 A picture of the fully-assembled prototype is shown in Fig.4a. It measures 11 mm in diameter and 31 mm in 
length, including stopping mechanism, force sensors, battery, wireless microcontroller and free space for camera 
integration. In the future version of the device a dedicated small wireless camera system will be integrated in the 
upper part of the capsule. 
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